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Abstract
Salinity is an ever-increasing problem, especially in areas
where lands are irrigated with water containing salts.
Worldwide, about 100 million hectares of arable land are
affected by salinity, which accounts for about 6-7% of the total
(Munns and James, 2003). Salinity adversely affects plant
growth at all stages, at seedling and reproductive stages in
particular, dramatically reducing the crop yield (Munns et al.,
2002). Although there is now more and more knowledge
about the genes involved in salinity response and tolerance in
a few model plants such as arabidopsis or rice, little efforts
have been made to breed for salinity tolerance in
economically important crops (Flowers, 2004). More so, there
has been no exhaustive assessment of the variability for
salinity tolerance in many crops. Therefore, an initial
assessment of the range of plant tolerance is required before
undertaking a breeding program (Materon, 1988).
Legumes are not only the protein source in the diet of
humans and livestock in poor areas, but they also play an
important role for the fixation of atmospheric nitrogen to
improve the physical and chemical structure of soil
(Hoshikawa, 1991). Legumes tend to be a lot more sensitive
Salinity affects plant growth, development and yield In
approximately 100 M ha of arable land worldwide. Besides,
various management options available the Introduction of salinity
tolerant varieties In such areas could partly ease the Increasing
global food demand. Here, six groundnut (ICG (FDRS) 10, ICGS
44, ICGS76, ICGV 86031, JL 24, and TAG 24) and pigeonpea (ICPL
88039, ICPL 88034, ICPL 87119, ICPL 96058,ICP 7035 and ICPL
366) genotypes were screened by conducting two experiments In
soli treated with five different NaCI (mM) concentrations (0, 50,
100, 125, 150) and (0,50, 75, 100, 150) respectively for groundnut
and pigeonpea, under controlled conditions. Salt concentrations
of 100-125 mM were found to be critical to screen groundnut
genotypes whereas 75 mM NaCI appeared most suited treatment
for plgeonpea. There was a positive and significant correlation
between the SPAD Chlorophyll Meter Reading (SCMR) under
salinity and the ratio of biomass under salinity to that of control,
our proxy for salinity tolerance, though this relation was better In
plgeonpea. The sodium concentration In shoot was well
correlated with the ratio of biomass In plgeonpea but not In
groundnut. Finally, the nodule dry weight was positively and
significantly related to the ratio of blomas In both the crops. Our
results show a suitable protocol to screen salinity tolerant
germplasm of grQundnut and pigeonpea and propose few traits,
SCMR, shoot Na accumulation, and nodulation, that could be
used to understand better the mechanisms of tolerance, and/or
possibly to screen for salinity tolerance.
Keywords:
Introduction
SaUnity, Groundnut, pigeonpea, SCMR, and
Na accumulation.
to salinity than cereals. Yet, legumes are often grown on
marginal lands like salinity-affected areas and legume crops
with improved performance in such conditions are required.
Groundnut and pigeonpea are important crops in many of the
developing countries, particularly in India where the nitrogen
rich crop residues are also used as fodder. In India alone,
where 40 % and 90% of the world's groundnut and pigeonpea
are produced respectively, around 13.3 million ha land is
affected by salinity (Consortium for Unfavorable Rice
Environment, IRRI, 2003). To meet the increasing food
demand, the production of legumes needs to be increased,
and this will be achieved to some extent by growing them in
saline areas. Very little information is available about the
salinity tolerance in groundnut and pigeonpea and no attempt
has been made to breed tolerant lines in these two crops. To
find genetic variation in salinity response is the prerequisite
for improving crop salt tolerance (Shannon, 1985). Therefore,
our first goal was to standardize a protocol to screen salt
tolerant materials, to be used later for assessing genetic
variability in a large number of genotypes and to identify
potential mechanisms contributing to tolerance.
Although our long-term objective is to use this protocol
for yield evaluation under saline conditions, this
standardization has been done on the basis of vegetative
biomass reduction under saline conditions to fasten the
process. We have consciously avoided setting a protocol
based on seedling growth evaluation under saline conditions
because early growth under salinity shows very poor relation
with growth at later stage (Munns et al., 2003). In this paper,
we report the results of two experiments that were carried out
in groundnut and pigeonpea to standardize a screening
protocol, where our objectives were to (i) identify an adequate
NaCI treatment to identify genetic variability in the response to
salt stress (ii) explore the potential tolerance mechanisms in
each crop.
Material and methods
Growth conditions and salt application: Two experiments
were conducted in a glasshouse, with day/night temperature
of 28/22 QC. In both experiments six genotypes of each crops
[For groundnut ICG (FDRS) 10, ICGS 44, ICGS 76, ICGV
86031, JL 24, and TAG 24 and of pigeonpea two short
duration (ICPL 88039 and ICPL 88034), two medium duration
(ICPL 87119 and ICPL 96058) and two long duration (ICP
7035 and ICPL 366)] were grown in 6" pots filled with 2 kg of
Alfisol, collected from the experimental station at ICRISAT.
The soilwafi fertilized with diammonium phosphate (DAP) at
300 mg kg soil, and also treated with carbofuran to prevent
fungal and trips infestation in soil. Five replicated pots per
treatment and genotype were grown. In_ljloth the experiments,
NaCI was applied at a fixed rate in g kg of soil. The required
*Corresponding author
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[ 210] Namita Srivastava et al.
Table 1a. Ratio of biomass under salinity to biomass under control In different NaCI treatments In two experiments.
Data are the average ratios of six groundnut genotypes (:t SD).
NaCI (mM) treatment Exp 1 * Exp2*
0 1 1
50 (0.584 9 kg,1 of soil) 0.84:t 0.08 -
100 (1.168 9 kg,1 of soil) 0.59 ± 0.08 0.61 ± 0.09
125 (1.46 9 kg,1 of soil) - 0.39 ± 0.07
150 (1.75 9 kg,1 of soil) 0.33 ± 0.04 0.25 ± 0.02
Table 1 b. Ratio of biomass under salinity to biomass under control in different NaCI treatments in two experiments.
Data are the average ratios of six plgeonpea genotypes (:t SD).
NaCI (mM) treatment Exp.1* Exp.2*
0 1 1
50 (0.584 9 kg,1 of soil) 0.79±0.03 0.79±0.03
75 (0.876 9 kg,1 of soil) - 0.41±0.05
100 (1.168gkg,1 of soil) 0.26±0.02 0.13±0.02
150 (1.75 9 kg'1 of soil) 0.06±0.007
* Mean biomass across genotypes in 0 mM treatment was 10.6 and 8.6 9 planr1 in Exp 1 and 6.3 and 6.2 9 planr1 in Exp. 2
for groundnut and pigeonpea, respectively.
Table 2a. Mean (:tSE) values of nodule dry weight, Na+ accumulation in shoot (Exp. 1), and SCMR (Exp. 2, data are
average of the three measurements In each plant taken at 30, 35 and 42 DAS), at different NaCI treatments tested against six
groundnut genotypes. Data are the mean of 5 replicated plants per genotype and treatment.
Genotypes Control 50mM 100mM 125 mM 150mM
Nodule dry weight (g) (Exp.1)
ICG (FDRS)-10 0.16 ± 0.010 0.09 ± 0.008 0.07 ± 0.023 - 0.01 ± 0.003
ICGS44 0.16 ± 0.023 0.13 ± 0.015 0.13 ± 0.020 - 0.05 ± 0.003
ICGS 76 0.20 ± 0.030 0.13 ± 0.021 0.16 ± 0.031 - 0.09 ± 0.021
ICGV86031 0.22 ± 0.013 0.13 ± 0.023 0.08 ± 0.013 . 0.03 ± 0.000
JL24 0.16 ± 0.010 0.13 ± 0.017 0.10 ± 0.024 - 0.04 ± 0.018
TAG 24 0.13 ± 0.007 0.13 ± 0.011 0.07 ± 0.Q15 - 0.04 ± 0.006
Na+ accumulation (Exp. 1)
ICG (FDRS)-10 0.12 ± 0.010 0.24 ± 0.040 0.21 ± 0.030 - 0.55 ± 0.060
ICGS44 0.13 ± 0.020 0.20 ± 0.040 0.23 ± 0.040 - 0.73 ± 0.130
ICGS 76 0.11 ± 0.020 0.15 ± 0.030 0.17 ± 0.010 - 0.41 ± 0.050
ICGV86031 0.15 ± 0.020 0.15± 0.030 0.23 ± 0.030 . 0.33 ± 0.040
JL24 0.12 ± 0.010 0.14 ± 0.020 0.28 ± 0.050 - 0.80 ± 0.220
TAG 24 0.19 ± 0.030 0.28 ± 0.040 0.27 ± 0.050 - 0.57 ± 0.080
SCMR (Exp. 2)
ICG (FDRS)-10 39.4 ±0.6 41.4 ± 1.3 35.0 ± 3.6 32.6 ± 4.1 -
ICGS44 46.5 ± 2.4 36.9 ± 1.4 40.3 ± 2.0 36.8 ± 1.3 -
ICGS76 50.1 ± 2.5 45.2 ± 2.4 43.7 ± 2.8 42.6 ± 2.9 -
ICGV86031 46.0 ± 5.2 40.1 ± 2.3 33.8 ± 1.1 32.1 ± 1.2 -
JL24 42.3 ± 3.3 39.6 ± 2.2 30.7 ± 1.9 33.1 ±1.4 -
TAG 24 39.5 ± 1.8 38.6 ± 0.8 33.1 ± 2.0 31.2 ±2.3 -
Indian J. Crop Science 2 (1), June 2007
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Salinity in groundnut and pigeonpea [211]
Table 2b. Mean (:!:SE) values of nodule dry weight, Na+ accumulation In shoot (Exp. 1), and SCMR (Exp. 2, data are
average of the three measurements in each plant taken at 30, 35 and 42 DAS), at different NaCI treatments tested against six
plgeonpea genotypes. Data are the mean of 5 replicated plants per genotype and treatment.
Genotypes Control 50mM 75mM 100mM 150mM
Nodule dry weight (g) (Exp.1)
ICP 7035 0.05:!: 0.02 0.27:!: 0.04 · 0.0004 *
ICPL366 0.38:!: 0.06 0.21 :!: 0.02 · 0.0006 *
ICPL 87119 0.55:!: 0.04 0.31 :!: 0.01 · 0.0076 *
ICPL88034 0.37:!: 0.03 0.20:!: 0.02 - 0.0110 *
ICPL88039 0.41 :!: 0.03 0.19:!: 0.02 · 0.0330 *
ICPL96058 0.07:!: 0.05 0.39:!: 0.04 - 0.0160 *
--
Na+ accumulation (Exp. 1)
ICP 7035 0.11 ± 0.046 0.20 ± 0.028 - 1.66 ± 0.160 2.87 ± 0.260
ICPL366 0.12 ± 0.020 0.15 ± 0.041 · 1.35 ± 0.190 2.66 ± 0.390
ICPL 87119 0.09 ± 0.009 0.10 ± 0.009 - 0.76 ± 0.160 2.09 ± 0.450
ICPL88034 0.07 ± 0.006 0.15 ± 0.010 - 1.01 ± 0.120 2.18 ± 0.440
ICPL88039 0.09 ± 0.015 0.08 ±0.009 - 0.35 ± 0.080 1.26 ± 0.170
ICPL96058 0.08 ± 0.014 0.13 ± 0.019 - 0.48 ± 0.070 1.90 ± 0.370
SCMR (Exp. 2)
ICP 7035 48.6 ± 1.30 38.4 ± 1.03 24.1 ± 3.20 22.0 ± 6.10 ·
ICPL366 46.7±1.10 39.4 ± 1.82 32.9 ± 3.20 25.5 ± 9.90 ·
ICPL 87119 47.1 ± 1.40 38.1 ± 1.24 38.5 ± 6.90 26.2 ± 6.80 ·
ICPL88034 47.8 ± 1.40 44.5 ± 0.61 34.9 ± 0.50 27.7 ± 8.90 -
ICPL88039 47.7 ± 0.90 47.8 ± 0.62 44.7 ± 6.90 36.6 ± 7.70 ·
ICPL96058 49.5 ± 1.50 40.4 ± 1.49 39.0 ± 0.80 20.4 ± 5.90 ·
* NA (Not available)
salt was dissolved in water needed to saturate the soil to field
capacity (23% w/w). Therefore, treatments are expressed in
mM NaCI of the solution that was used to saturate the soil
profile. Plants were grown for seven weeks in both
experiments and then harvested.
Experiment 1: In this experiment four salt treatments
were given to both the crops in three split doses within the
first 10 days after sowing to avoid the rapid build up of salt.
These saline treatments were 0, 50, 100 and 150 mM NaC!.
The experiment was planted on 18 August and harvested on
6 October 2004. At harvest, plants were separated into
leaves, stems, roots, pods and nodules and oven dried for
three days at 70°C. Since pod weight was negligible in
different saline treatments, it was not considered in the
analysis.
Experiment 2: In this experiment, a different set of salt
treatments were given for groundnut and pigeonpea, adjusted
based on the results of the first experiment, focusing on the
range of 100-150 mM in groundnut (0, 100, 125, and 150
mM), and in the range of 50-100 mM in pigeonpea (0, 50, 75,
and 100 mM). These treatments were all applied in one dose
at the time of sowing. This experiment was planted on 19
February and harvested on 13 April 2005. At the time of
harvest, the plants were separated Into leaves, stems and
pods and dried as first experiment.
Criteria to assess the salt tolerance: Salt tolerance
was assessed on the basis of total biomass (shoot + roots) in
Exp 1 and on shoot biomass In Exp 2 because shoot biomass
and total biomass in Exp 1 were found to be very closely
associated (r2 = 0.93, data not shown). The total biomass or
shoot biomass hereafter referred as biomass for brevity. We
also use the ratio of biomass (biomass under salinity/biomass
under control). This ratio was well correlated to the biomass
under salinity (Krishnamurthy et al., 2003a, b), and controls
for differences in genotype vigor.
Measurements of plant traits
Nodulation: Nitrogen fixation is very sensitive to salinity (Rao
et al., 2002), and any effect on the N supply from N2 fixation
might explain why biomass is reduced. In Exp.1, the nodule
number and their dry weights were measured.
Na+ concentration In shoot: In Exp. 1, 150 mg of
finely ground shoot samples of groundnut and pigeonpea
were digested in 4 ml of concentrated sulphuric acid with
0.5% selenium powder at 360°C for 75 min on a block
digester and the digest was diluted to 75 ml using distilled
Indian J. Crop Science 2 (1), June 2007
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NaCI imposed a very severe treatment on both the legumes,
in particular in pigeonpea, and biomass was only 29 and 6%
of control. On the whole, it appeared that pigeonpea was
relatively more sensitive to salinity than groundnut, shown by
lower ratio of biomass under similar treatments (Table 1).
In groundnut, the 100mM NaCI treatment revealed the
largest genotypic differences in Exp. 1, with genotypes ICGS
44, ICGS 76 and JL 24 having higher biomass than ICGS
(FDRS) 10, ICGV 86031 and TAG 24 (P< 0.001). At that
treatment the ratio of biomass was 59 and 61 % of control in
Exp.1 and Exp.2 respectively. In Exp. 2, the largest genotypic
differences were found at 125mM treatment, and there
again,ICGS 44 had the highest biomass whereas ICGV 86031
and TAG 24 showed lowest biomass (Fig 1). At that
treatment, the ratio of biomass was 39% (Table 1).
For pigiwnpea, the 100 mM treatment in Exp. 1 was still
fairly severe for all genotypes, Le. biomass was only 13% of
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In Exp. 1, groundnut and pigeonpea were little affected by 50
mM NaCI treatment, with biomass being 84 and 79% of
control respectively (Table 1), although significant genotypic
differences were found (fig 1 and 2). On the contrary, 150 mM
SCMR In Exp. 2, SCMR (Spad Chlorophyll Meter
Reading) was recorded. SCMR is a unit less measurement
that proxies the amount of chlorophyll in the leaves by
measuring the intensity of greenness. Spad Chlorophyll Meter
Readings were recorded at 30, 35 and 42 DAS, on four
leaflets of the top most fully expand'ld leaf (groundnut) and
six leaflets of the two most fully expanded leaves of the main
axis (pigeonpea) and averaged.
Results and discussion
Figure 1. Means of shoot dry weights (±SE) of six groundnut genotypes under different salt treatments
across two experiments (data are the means of five replications).
water. This dilution was used to estimate Na+ (Sahrawat et
al., 2002) using an atomic absorption spectrophotometer
(Varion model 1200, Australia).
Figure 2. Means of shoot dry weights (±SE) of six pigeonpea genotypes under different salt treatments
across two experiments (data are the means of five replications).
Indian J. Crop Science 2 (1), June 2007
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Figure 3. Simple linear correlation between nodule dry weight (g) and the ratio biomass in (a) groundnut and (b) pigeonpea.
control (Table 1), and there were no significant genotypic
differences (Fig 2). In Exp. 2, the 75 mM NaGI appeared to be
the most adequate concentration since it revealed the largest
genotypic differences (Fig 2), and the biomass was up to 41%
of control (Table 1). In this experiment, at 75 mM NaGI, IGPL
366 and IGPL 88039 had a higher biomass than IGP 7035,
IGPL 87119, IGPL 88034 and IGPL 96058. In both the
experiments IGPL 366 and IGPL 88039 had consistently
higher biomass under saline conditions whereas IGP 7035
had the lowest biomass.
Therefore, 100 mM and 125 mM NaGI treatment for
groundnut, and 75mM NaGI treatment for pigeonpea, revealed
the largest contrast among the genotypes. These treatments
conferred an adequate level of stress also because they were
neither too severe, nor too mild, bringing about a biomass
reduction in the range of 50%. Those can be used for the
screening of large number of genotypes in both these crops
(Srivastava et. al., 2005). Using the recommended treatments,
we also initiated the exploration of potential traits related to
salinity tolerance in both crops.
Measurements of plant traits
Nodulation: In Exp. 1, nodules dry mass decreased with the
increase of salinity levels in both the crops. A significant
positive correlation (r= 0.54, P<0.01) for groundnut and
(r=0.51, P>0.01) for pigeonpea were found between the
nodule dry weight and the ratio shoot biomass under salinity,
indicating that more sensitive genotypes showed larger
decrease in nodule number compared to respective controls
(Fig.3a & b).
Na+ accumulation in shootanfJ salinity tolerance: In
most plants, the accumulation of Na in shoot brings about
deleterious effects and plant strategy is to limit the Na+ build
up in shoot tissues. In the case of groundnut, shoot Na+
accumulation increased with salt concentration (Table 2a), but
there was no significant correlation between the shoot Na+
concentration and the ratio of biomass at1l¥l mM NaGI (Fig.
4a). On the contrary in pigeonpea, shoot Na concentration in
leaves also increased with the increase of salt concentration
but there was a negative and highly significant relationship
(r=0.71, P>0.001) between the shoot Na+ concentration and
the ratio of shoot biomass at 100 mM NaGI, in Exp.1 (fig. 4b).
Genotype IGPL 88039, which had the highest shoot biomass
across salt treatments, showed the least Na+ accumulation
compare to other genotypes, which is likely to result from a
dillution effect.
SPAD chlorophyll meter reading: Since we found a
nodulation decrease with increased salt concentration in Exp.
1, which may affect the N status of plants, this created interest
to measure the SGMR as an indirect measure of N status at
different salt concentrations in Exp. 2. There was a significant
and positive correlation between SGMR and the ratio of
biomass in both crops. However, that relation was weak in the
case of groundnut (r=0.41), and belter in pigeonpea (r=0.62)
(Fig. 5a &b).
We have shown that the 100-125 mM and 75 mM
treatments of NaGI treatments were suitable to screen salinity
tolerance in groundnut and pigeonpea respectively.
Pigeonpea appeared a lot more sensitive to salinity than
y= -O_1219x of 0.3691
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Figure 4. Simple linear correlation between shoot Na+ accumulation and the ratio biomass in (a) groundnut and (b) pigeonpea.
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Figure 5. Simple linear correlation between SCMR and the ratio biomass in (a) groundnut (SCMR are average value of
measurements taken at 30,35 and 42 DAS) and (b) pigeonpea (SCMR data collected at 30 DAS)
groundnut. The material screened in this study was very
limited and spread across different botanical types in
groundnut and across maturity groups in pigeonpea, but large
differences could be shown for response to salinity stress at
those treatments. These concentrations would therefore be
suitable to identify a high level of tolerance from a large and
diverse set of materials In both the crops. The response to
salinity of some basic parameters like N status measured by
nodulation and SCMR appeared well related to the !;legree of
tolerance In both the crops. The accumulation of Na in shoot
was also well related to the degree of tolerance in pigeonpea
(Srivastava et al., 2006) but not in groundnut, which is
probably a novel report in the domain of salinity research.
On-going work is in progress to screen large numbers of
accessions in pigeonpea and groundnut using that protocol.
Acknowledgements
Authors are grateful to the Water & Food Challenge program
0N&FCP7) and to the renewed support of IFAR (International
Funds for Agriculture Research) for funding Ms Namita
Srivastava.
References
Consortium for Unfavourable Rice Environments 2003. WG3
Inaugural Meeting Lowland Problem Soils Salinity, 2003 March,
23-24 IRRI, DAPO Box 7777. Metro Manila Philippines.
Flowers T.J. 2004. Improving cro,' salt tolerance. J. Exp.Bot., 55:
307-319.
Hoshlkawa K. 1991. Significance of legumes crops In improving the
productivity and stability of cropping systems. In: Phosphorus
Nutrition of legumes in Semi-Arid Tropics. Johansen C., Lee K.K.,
and Sahrawat K.L. (Eds.) ICRISAT. Ind" pp: 173-182.
Krlshnamurthy L., Ral K.N., Hash C.T. and Serral R. 2003a.
Screening Pearl Millet Germplasm for tolerance to Soil Salinity.
International Sorghum and Millet Newsletter, 44:155-157.
Krishnamurthy L., Reddy B.V.S. and Serra] R. 2003b. Screening
Sorghum Germplasm for tolerance to Soil Salinity. International
Sorghum and Millet Newsletter, 44:90-92.
Materon L.A., 1988. Maximizing biological nitrogen fixation by forage
and pasture legumes in semi-arid areas. In: Nitrgen fixation in
Mediterranean agriculture. D.P. Beck and L.A. Materon (Eds.).
Int. Centre Agrlc. Res. Dry Areas, Aleppo, Syria, pp: 131-143.
Munns R. and James R.A. 2003. Screening methods for salinity
tolerance: a case study with tetraploid wheat. Plant and Soil,
253:201-218.
Munns R., Husain S., Rivelll A.R., James R.A., Condon A.G.,
Lindsay M.P., Lagudah E.S., Schachtman D.P. and Hare R.A.
2002. Avenues for increasing salt tolerance of crops, and the role
of physiologically based selection traits. Plant and Soil,
247:93-105.
Srivastava Namlta, Vadez V., Krlshnamurthy L., Saxena K.B.,
Nigam S.N. and Rupakula A. 2005. Screening for salinity
tolerance in pigeonpea (Cajanus (lSjan L.) and groundnut (Arachis
hypogaea L.), Abstract·145, 4 International Food Legumes
Research Conference, Oct. 18-22, 2005, New Deihl, India.
Srivastava Namlta, Vadez V., Upadhyaya H.D., and Saxena K.B.
2006. Screening for intra and Inter specific variability for salinity
tolerance in pigeonpea (Cajanus cajan) and its related wild
species. (Journal of SAT Agriculture Research, vol 2,
forthcoming)
Rao D.L.N., Giller K.E., Yeo A.R. and Flowers T.J. 2002. The effects
of salinity and sodicity upon nodulation and nitrogen fixation in
chickpea (Cicer arietinum). Ann. of 80t, 89:563-570.
Sahrawat K.L., Ravikumar G. and Murthy K.V.S. 2002. Sulfuric acid
selenium digestion for multl·element analysis In a single plant
digests. Communications on Soil Science and Plant Analysis,
33:3757·3765.
Shannon M.C. 1985. Prlclples and strategies in breeding for higher salt
tolerance. Plant and soil, 89: 227-241.
Indian J. Crop Science 2 (1), June 2007
